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СОМ+ Short Courses 


* Today: “VOS level” 
+ Туре System 
Ф Metadata 
4 Intermediate Language 
+ ЛТ Compilers fi 
© Next week: “Enterprise” 
+ Garbage Col - 
* Amas 
* Contexts 
P 22273 4 
V. Bropesea: Security 
е Proposed: What's wrong with the COM+ Runtime 
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Architecture Overview 
Type System 
Metadata zi 

Intermediate Languag: 
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Architectural Overview 
COME Services Wise WFC 
Today's COM Interop? 

Base Classes, Reflection, Security, Deployment 
ОО Lang Support (VB, VC+, Script) 


Execution Engine (VOS/VES) 


| pos | 


managed objects, metadata, types 


IL Execution 


Native 
Code 


Agenda 


Architecture Overview 
Туре System 

+ http://comrtime/sp 
Metadata r4 4 ў 
Intermediate Language (ID). /” 
Justin he Compiles (JITs) 
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Туре System 


Types and Locations 
Type Members 
Naming 2 
Contracts and Signatur ^ 
Type ig ж” p 
Inheritan Implementation, and 
Contractual Obligations 


Types and Locations 


* Value Types y 
% User-defined types (like complex 
+ "Sequences of bits," no inherita 
* Usually passed by value, eq 
© Canbe “boxed” into Object Types | 

o Reference Types 
+ Object types are selfid esci runtime, includ es inheritance 
+ Interface t Aum Жың usually imp lemented by 

many object types | 
22% Poimtertypes are mackine addresses, possibly with static type, but 
Jf Aral runtime description 

* Locations 
% Hold values (ie. instances of value types or reference types) 
% Have static signature (type, constant, read-only,vohtile eic.) 


e Fields and methods 
е Mostly-orthogonal Attri 


+ 00% 0 6 6 


Туре Members 


Static + Instance +) 
Parent + Child 


Private + Public арг я 
Final + Not Finàl a 
Value Type + Interface + Class 


‘Field + Methód 


Compilation + Module + Assembly + Global 


Contracts and Signatures 


Contracts 
Ф Class contract: methods, fis 


+ Interface contract: тео! 
events 


* Method contract 7 
+ Property contract 

+ Event contract! Y " d ? 
Signatures (enforceable part of contract) 
9: Values: constant 

+ Locations: (урет read-only, volatile 


+ Parameters: location + by-ref, typed reference 
+ Methods: parameters + varargs 


Туре Definers 


Classes created automatically by COM+ 
based on description provided by ts 
Arrays 
% Description includes element 
and/or bounds 7 2 | 
+ Methods include length numberof elements), get 
element, Memo 2 
„ош 4 
35454 tion i is P type of destination, including 
signature for function pointers 


е, EE bounds, 


Inheritance, Implementation, ап 
Contractual Obligatigng 
© Value types don't inherit (unless boxed) 
Inheriting means implementing the 
contracts at је 
е Implementing an interface, » property, ог event 
implies fullfiling the corresponding contract 
© Single inheritance only й an object can 
implementiiultiple interfaces, properties, and 
events 
• Thus, an object may implement many contracts 
(and we could say “an object is of many types”) 


Agenda 


e TypeSystem 
е Metadata 
+ httpj/comrtim е/өресе 4 
+ Һар://сөтггіш e/spets /Е‹ 222 
Interfares.doc, ^ 


© http://comrtimelspecs/ iis Roslheeliecionde 
аптада == 
.. Int diate Lafiguage aL) 


. Just ime Compilers (JITs) 


Metadata 


Overview 
Components and Assel 
What's in the Met: 
Signatures and Bindin: JM 
Access to Ме 1 
Mua 


Metadata Overview 


e Persist VOS types 
+ Definitions (defs) 
* References (refs) 

ө Tool-to-Runtime 
+ Classloader | 
+ Securityss 7 

а Implementation ^ 

« Toof'to- Tool 
* CLS (interoperability) 
+ Specific tool data. 


Assemblies 


Details next 21; 
Assembly is the unit of. 
Assemblies have mi 
cross-assembly references » 
Manifests make assemblies self describing 
and self réistering 


j" Manifests also specify policy for acceptance 
of upgraded external components 


What’s іп the Metadata 


е Definea tspemethov/eld property efent 
© Reference a type/method/field, 
е Naming hierarchy: 


* Assemblies locate modulEs or other ень lies J^ 
+ Modulesholl named classes, inter ces p rop ertib, and events 


$ Chassesname methods and Ї 
. ncc al 
o Signatures (enforceable part of EE 


of Maipnéthod definition to implementation 
* Custom data 


Signatures and Binding 


Metadata Engine converts refs to defs wit 
single module (compile or link) 
Execution Engine binds refs ts 
nt ue ТІ 
Compiler chooses éxact boris or. И fails 
Extension mechanism under consideration for V1 
to allow langiage-specific binding requirements 
V2 inighit allow larizuage-specific fixupsif binding 
fails 


Sat Blass load” 


Access to Metadata 


e Read, Write, Update, Enumerate, Mi 
е Unmanaged APIs via CON 
e Managed APIs via 


Microsoft.Runtime.l Reflection E 
+ Enumerate | г 
+ Create uror AM and fields 
Р r, "^ ami 24 
| «Рачи 


Advanced Topics 


Module-level functions and statics. 


Platform Invocation зе се М 
* Method inforniation;plus ? 
+ Native cillitig convention 

2% Native DLL and (mangled) name 
© Masshalling остайов (strings) 
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Type System 
Metadata 


Intermediate Langu; 
4 http://comrtim e/specs/EE/; 


[a Justin Time Cómpilers (ITS) 


Intermediate Language 


е Introduction 
e Overview л 
е IL By Category Ры 
e Floating Point Model y ч 
e Pointers and Reterenets 1 
e Control pm E 

^ NOS Tiistructions 
ө ши 
e Sample Program 


Introduction 


Built for typesafety 

Source language indepes 

ө Architecture Іпдер; 
agnostic) У № 

е RAD tools сацїагсеы И, p 

е Optimizing: compilers can target IL 

o7 Stack Based model 

e Easy to generate verifiable code 


Overview 


Stack Machine 
Automatic lifetime tra: 
Exception tables / я 
Typed arguments and locals № 
Stack types deducible | | 
aS 4 
Control flow restrictions 


|" > An/oitt of exception handlers 


+ Backward branches with non-empty stack 


IL By Category 


218instructions 7 4 
42 arithmetic (includin; i 
22 numeric conversion. Р 
12 annotations for optimization |. 
31 stack accespr argsalócal varfables 
44 control flow 


^ ОБЕ Model 


56 accessing and copying data 


Floating Point Model 
p^ 

Fixed size numbers in memory a 1) 
byte, natural) and as рае 1 
Loading onto stack. expa o Si: 
convenient for target architecture. 
Stack automatically widens па target- 
specific manner 
Storing from stack truncates to memory size 
No exceptions, but test for NaN 


Floating Point Model 
(Proposed Extensions) 


Prefix on conversion insiFüctio 

additional IEEE m 5 

Katmai/3DNow виррог Ма чату 

and JIT support 

Direct access'to Er AE of floating 
„point number 


Control Flow 


е Conditional and unconditional d 

• Switch ^ д 

e Method call ж r y 
+ Known method: y 4 
+ Computed from obj (virtual ínterface) 
2 Generaliümp! n (function pointer) 

(7 Tail call and јшӣр 

e Exception (throw, catch, filter, finally, 
leave) 


Pointers and References 


Objects are opaque 

Objects must be reported to С; 
move "m P a 
Pointers must not pointifo objectsjand 
needn't be reported 199 

By-ref parameters "ind locals must be 
reported to GC if they might point into an 
object 

By-ref values are лог allowed as statics or on 
the GC heap 


VOS Instructions 


Box and unbox 
Allocate/initialize obj 
Typed references | y 
Cast and InstanceOf | № 
Critical regiops ж” Ї 
Аггау operations: 

^ Load.and store fields 

Copy objects 


Ори. 


Normal IL + Annotations d 
Register allocate for ps: 4 
Interference graph (с Р, 

4 Suggest promotion to ТЭ, P 

* Priority ordering 

Simple trees ‘only (1 fite state Ee 
2% Bóth/depth and'total size limit 

Мо nested calls 

SSA graph can be embedded. 


Sample Code (works) 


ches Fact 
.staticmethod int32 F actoriaKin32) 
maxstack 2 


Sample Driver 


«global void main(clss Microsoft Runtime.String[]) 


-entrypoint 
maxstack 2 
зада class Microsoft Runtime.IO. 
Margo i Arg ғ 
мео 2 


Melem.ref Аг 4 j 
call int32 Microsoft CENE ИЙ 
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Type System 
Metadata 
Intermediate Lan; 
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Just-In-Time Compilers 


е Client-side Compilation is more ас 
y 
e Nointerpreter А, : 
е Plan: Four choices A 
Ф JIT (optimizing IL c ) ў ў 
+ EconoJIT (fast IL compiler). 4 
% OptJIT (fast Ор. com; Ї 
+ UTCJIT (superüptiniiZihg IL compiler) 
e Publish; EE / JITAnterface 
. Орић, 
+ IL to Ор. is done by UTC (C+ back end) 
+ Persist analysis and/or optimizations 


EE / JIT Interface: Compile Tinte 


• Method and field access 


e Stub generation and runtime 
selection ғ, 


e Interface pre-resolution Ч 


е JIT produces both code and data to 
managementit (GC tables, EH tables, 
debugging information) 


е Marshalling stub generation 


EE / Code Interface: Run Tim 


e Runtime Helpers 
* Interface dispatch 7 
+ Arithmetic helpers, 
* Object Allocation E 
e Code manager F я 
+ Walk back one frame 
_ + Find security data and “this” pointer 
+ GC safe points. 
+ Report references to GC 
Invoke exception filter or handler 


Possible Future Topics 


Security 
Interop: COM and р» 
Class library à 

Performance # 


*You blew rtp you fought 
about 


